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Background: Previous studies have linked exposure to early socioeconomic adversity to depression, but
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control-related beliefs, has been implicated as a possible mechanism, however, longitudinal evidence to
support this is lacking.
Methods: The study sample comprised 8803 participants from a UK cohort, the Avon Longitudinal Study
of Parents and Children (ALSPAC). Indicators of early socioeconomic adversity were collected from the
antenatal period to 5 years and modelled as a latent factor. Depression was assessed using the Clinical
Interview Schedule-Revised (CIS-R) at 18 years. LoC was assessed with the Nowicki–Strickland Internal–
External (CNSIE) scale at 16 years.
Results: Using structural equation modelling, we found that 34% of the total estimated association
between early socioeconomic adversity and depression at 18 years was explained by external LoC at 16
years. There was weak evidence of a direct pathway from early socioeconomic adversity to depression
after accounting for the indirect effect via external locus of control. Socioeconomic adversity was asso-
ciated with more external LoC, which, in turn, was associated with depression.
Limitations: Attrition may have led to an underestimation of the direct and indirect effect sizes in the
complete case analysis.
Conclusions: Results suggest that external LoC in adolescence is one of the factors mediating the link
between early adversity and depression at 18 years. Cognitive interventions that seek to modify mala-
daptive control beliefs in adolescence may be effective in reducing risk of depression following early life
adversity.
& 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
An increasing body of research supports the association
between early socioeconomic adversity and risk for depression in
adolescence and young adulthood (Chapman et al., 2004; Kessler
et al., 2010; Patten et al., 2014). In particular, socioeconomic dis-
advantage, poverty, inadequate housing, and residential instability
during early childhood have been linked to later depression (Gil-
man et al., 2003, 2002). However, little is known about the psy-
chological mechanisms underlying this association (Grant et al.,
2006; Grant et al., 2003). Increased knowledge of factors
explaining the link between aspects of early socioeconomicr B.V. This is an open access article
nity Medicine, University of
, UK. Tel.: þ44 117 331 0162;
in).adversity and increased risk of depression could provide insights
into potentially modiﬁable targets for intervention.
Depression is a complex disorder and a number of risk factors
and causal mechanisms (e.g., psychosocial, neurocognitive, and
gene–environment interplay) are likely to be involved (Maughan
et al., 2013). Early socioeconomic adversity could exert a direct
effect on depression via biological systems, such as the hypotha-
lamic pituitary axis (HPA), and these effects could be independent
of exposure to adulthood adversity (Stansfeld et al., 2011). Alter-
natively, early socioeconomic disadvantage may set off a chain of
proximal psychosocial events and individual characteristics that
increase the risk for depression, such as adverse family processes
(e.g., negative parenting; Conger et al., 2002), environmental
stressors (e.g., inadequate schooling; Barrera et al., 2002), and
maladaptive coping styles and cognitive attributions (Paschall and
Hubbard, 1998). Speciﬁcally, exposure to early socioeconomic
adversity may lead to a pattern of psychological vulnerabilityunder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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events that increase risk for depression (Hammen, 2005). One
aspect of psychological vulnerability that could be inﬂuential in
the link between childhood adversity and depression is adoles-
cents' internal versus external control-related beliefs also known
as locus of control (LoC; Rotter, 1966; Strickland, 1989).
It has been argued that an individual's beliefs related to their
perceived sense of control over their environment relate to their
psychological well-being and mental health outcomes (Chorpita
and Barlow, 1998; Shapiro et al., 1993). Individuals are thought to
differ in the extent to which they perceive themselves as being
able to control life events through their efforts and actions
(internal LoC), or that life events are controlled by external forces
such as luck, chance and powerful others (external LoC; Rotter,
1966). Although antecedents of LoC in adolescence are not fully
understood, it has been suggested that early experiences of
adverse and uncontrollable events, including persistent exposure
to socioeconomic disadvantage, may foster external LoC orienta-
tion characterised by diminished sense of perceived control over
one's life and environment (Bryant and Trockel, 1976; Chorpita,
2001; Gilman et al., 2003). Children and adolescents who develop
external LoC and experience uncertainty about the extent of con-
trol they have over life events have also been hypothesised to be at
increased risk of developing depression (Chorpita, 2001; Ostran-
der and Herman, 2006).
Socioeconomic differences in the sense of personal control have
been examined in early cross-sectional studies (Lachman and
Weaver, 1998), indicating that those in more disadvantaged groups
(characterised by lower income and less education) have lower
sense of control and are more likely to believe in the role of
external forces and powerful others (Bosma et al., 1999; Lachman
and Weaver, 1998). However, longitudinal evidence linking early
socioeconomic adversity and adolescent LoC orientation is lacking.
Similarly, numerous cross-sectional but few longitudinal studies
have examined the link between LoC orientation and depression.
Consistently, an external LoC has been found to be associated with
depression in childhood (Cole et al., 2001), adolescence (Donnelly,
1999; Muris et al., 2004) and adulthood (Benassi et al., 1988).
However, prospective longitudinal studies examining the asso-
ciation between external LoC and depression are limited (Harrow
et al., 2009; Frenkel et al., 1995) and further investigations are
warranted.
Studies that examine LoC as a possible pathway in the early
adversity–depression association are also scarce and not without
limitations. The majority of studies are cross-sectional and rely on
retrospective assessment of childhood adversity and LoC, thus
precluding inferences about the temporal relationship among
experiences of adversity, LoC orientation and depression (Dear-
dorff et al., 2003; Kim et al., 1997; Sandler et al., 2000). Further-
more, these studies focus on examining the possible mediating
role of LoC in speciﬁc samples of children such as those from
divorced, bereaved or severely disadvantaged families (Deardorff
et al., 2003; Haine et al., 2003; Kim et al., 1997; Sandler et al.,
2000). Other limitations include overreliance on measures based
on a single reporter (e.g., adolescent self-reports; Kim et al., 1997),
composite measures of stress (e.g., total number of various nega-
tive life events; Kim et al., 1997), and lack of diagnostic measures
of depression (Deardorff et al., 2003). Thus, there is need for
prospective studies to examine possible mediating role of LoC in
the association between exposure to various aspects of early
socioeconomic adversity and depression in young adulthood.
Family adverse experiences are multifaceted and dynamic.
Thus, it is important to control for possible confounders whilst
examining the pathways among early socioeconomic adversity,
LoC and depression in young adulthood. For instance, indices of
socioeconomic disadvantage, such as poverty, often co-occur withparental depression and negative parental cognitions (Edwards
et al., 2003; Dong et al., 2004), and these events are associated
with both development of external LoC orientation and depression
in young adulthood. Epidemiological evidence has long estab-
lished a strong link between socioeconomic disadvantage in
childhood and increased risk of a psychiatric disorder, including
depression (Solantaus et al., 2004). Paternal depression, like
maternal depression, may compromise parenting behaviours and
have an adverse impact on the way parents interact with their
children (Lyons-Ruth et al., 2002; Paulson et al., 2006) who are
more likely to develop external LoC. For instance, aspects of par-
ental cognition, especially maternal warmth and acceptance, have
been linked to internal LoC orientation in children and are con-
sidered to be antecedents of LoC (Carton and Nowicki, 1996; Muris
et al., 2004).
The current study, using data from the Avon Longitudinal Study
of Parents and Children (ALSPAC), examines whether LoC mediates
the association between early socioeconomic adversity and later
depression. It has been previously demonstrated in this cohort
that aspects of childhood adversity such as victimisation (e.g.,
bullying) and harsh parenting are associated with more external
LoC orientation (Fisher et al., 2013), and other studies have also
reported an association between exposure to socioeconomic
adversity and increased risk of depression (Joinson et al., unpub-
lished results). We hypothesised that exposure to socioeconomic
adversity from birth to 5 years will be associated with more
external LoC orientation at 16 years and that this would constitute
an indirect pathway between early adversity and increased risk of
depression at 18 years. We used structural equation modelling
(SEM) to test the hypothesised model using a latent factor to
encapsulate exposure to early socioeconomic adversity during the
ﬁrst 5 years of life, and by adjusting the model for a range of child
and parental confounders.2. Method
2.1. Participants
The sample is comprised of participants from the Avon Long-
itudinal Study of Parents and Children (ALSPAC), an ongoing UK
population-based study. The study website contains details of all
data that is available through a searchable data dictionary 〈http://
www.bris.ac.uk/alspac/researchers/data-access/data-dictionary〉.
Ethical approval for the study was obtained from the ALSPAC
Ethics and Law Committee and the Local Research Ethics Com-
mittees. We restricted our sample to participants recruited during
Phase I in order to include covariate information collected during
early infancy (this data is not available for Phase II participants).
During Phase I enrolment, 14,541 pregnant mothers residing in the
former Avon Health Authority in the south-west of England with
expected dates of delivery between 1 April 1991 and 31 December
1992 were recruited to the study. These pregnancies resulted in
14,062 live births, of which 13,617 singletons were alive at 1 year
of age. For further details on the cohort proﬁle, representativeness
and phases of recruitment see Boyd et al. (2013).
2.2. Measures
2.2.1. Exposure: socioeconomic adversity
We used 14 binary indicators derived from questionnaires
administered to mothers in the antenatal period and during the
ﬁrst 5 years of the study child's life to derive a normally dis-
tributed latent factor of socioeconomic adversity (Fig. 1). The
variables assessed in the antenatal period were: maternal educa-
tional attainment classiﬁed as none/minimal (mothers with the
Fig. 1. Measurement model of the hypothesised associations among socioeconomic adversity in early life, locus of control and depression diagnosis at 18 years, adjusted for
potential confounders. Note: observed variables are represented by squares, whilst the latent variable is represented by circle. Covariances are not shown to reduce ﬁgure
complexity.
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vocational qualiﬁcations, or none) versus higher-level qualiﬁca-
tions (mothers with ordinary-level qualiﬁcations generally
obtained at age 16 years/advanced-level qualiﬁcations generally
obtained at age 18 years/university degree); social class assessed
on the basis of the lower of the mother's or partner's occupational
social class using the 1991 British Ofﬁce of Population and Census
Statistics classiﬁcation and dichotomised into social class I–IV
(professional, managerial, or skilled professionals) and V–VI
(partly skilled or unskilled occupations); and ﬁnancial problems
(occurrence of major ﬁnancial problems versus none). The fol-
lowing socioeconomic adversity indicators were assessed repeat-
edly from birth to 5 years (Fig. 1): ﬁnancial problems (yes/no);
home ownership deﬁned as living in owner–occupier or privately
rented accommodation versus subsidised housing; material
hardship derived using a cut-off of Z5 corresponding to material
hardship scores in the top 20% of the sample; and low family
disposable income derived from a continuous weekly income
measure and dichotomised to comprise those who were in the
lowest income quartile versus the rest of the sample.
2.2.2. Outcome: depression
Depression was assessed using the Clinical Interview Schedule-
Revised (CIS-R; Lewis, 1994) at a research clinic attended at mean
age 17.8 years (hereafter referred to as 18 years). Participants
completed a self-administered computerised version of the CIS-R,
which measures current symptoms across multiple domains.
Computer algorithms were used to identify psychiatric disorders
according to DSM-IV and ICD-10 diagnostic criteria (Lewis, 1994).
The CIS-R is designed for, and has been widely used with com-
munity samples in the UK and elsewhere (e.g., Clark et al., 2007;
Jenkins et al., 1997). Good agreement has been demonstrated
between administration by a clinically trained interviewer, lay
interviewer and self-administration using the computerised ver-
sion (Lewis, 1994). Based on this interview we derived a binary
variable to indicate presence versus absence of a depressive
disorder.
2.2.3. Mediator: locus of control
Adolescents completed a 12-item shortened version of the
Nowicki–Strickland Internal–External scale (CNSIE; Nowicki, 1976;Nowicki and Duke, 1974; Nowicki and Strickland, 1973) (see Sup-
plementary material) as a part of face-to-face clinic assessment at
age 16 (median age at completion¼16.7; inter-quartile
range¼16.6–16.10). A person with a higher ‘internal’ score on this
measure is considered to perceive that the outcome of events is
under their own control, whilst a person with a higher ‘external’
score on this measure is considered to perceive that the outcome
of events is controlled by outside circumstances. A total score was
derived by summing scores for all the items, with higher scores
indicating a more external LoC. The questionnaire has been shown
to have good construct validity and test–retest reliability in chil-
dren from ages 9 through 18 years (Nowicki, 1976; Nowicki and
Duke, 1974; Nowicki and Strickland, 1973) and has been used
extensively in the previous research (Nowicki and Duke, 2013). For
participants missing responses to one or two locus of control items
(e.g., less than 20% of the total scale items), unanswered questions
were replaced with the mean of the participants' own responses to
the rest of the scale items.2.2.4. Confounding variables
Child's gender, maternal and paternal depressive symptoms
and maternal cognitive style were included as potential con-
founders as they have been previously shown to be associated
with exposure to childhood adversity, locus of control and
depression (Edwards et al., 2003; Klein et al., 2005; Paulson et al.,
2006; Solantaus et al., 2004). Maternal and paternal self-reported
depression was assessed using the Edinburgh Postnatal Depres-
sion Scale (EPDS; Cox et al., 1987) administered when the study of
child was 8 months. Maternal cognitive style was assessed using a
6-item scale (Evans et al., 2005) derived from a broader measure of
intrapersonal sensitivity (Boyce and Parker, 1989) and adminis-
tered at 18 weeks gestation. The six items comprising the scale
map onto negative cognitions outlined in Beck's cognitive theory
of depression (e.g., ‘I always expect criticism’ see Evans et al.
(2005)). The scores from the six items were summed up to derive a
total negative cognitive style score (range¼0–18), with higher
scores reﬂecting more negative cognitions.
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Descriptive statistics were obtained using STATA 12.0. Primary
analyses were conducted using Mplus software version 7.11
(Muthén and Muthén, 2012) using the WLSMV estimator. Prior to
examining the hypothesised mediation pathway, we ﬁrst tested a
measurement model incorporating the outcome (binary variable
indicating diagnosis of depression), exposure (latent factor of early
socioeconomic adversity), hypothesised mediator (continuous
locus of control score) and all potential confounders (child's sex,
maternal cognitive style, maternal and paternal depression). The
measurement model is illustrated in Fig. 1. Early socioeconomic
adversity was estimated as a latent variable comprising the 14
binary indicators of socioeconomic disadvantage described above.
Residual variances of the repeated early adversity indicators were
allowed to co-vary to accommodate common method variance at
each assessment. The exposure variable and potential confounders
were also free to co-vary. Acceptability of the model ﬁt was eval-
uated using standard goodness of ﬁt indices. The chi-square test of
exact ﬁt is stringent and sensitive to sample size with simulations
showing the test will routinely reject good models when sample
size is large (e.g., n4200; Brown, 2006; Schumacker and Lomax,
2010), thus we considered several relative ﬁt indices. A root mean
square error of approximation (RMSEA) value less than 0.06,
Tucker–Lewis index (TLI) and comparative ﬁt index (CFI) values
greater than 0.95 are considered indicative of good ﬁt to the data
(Hu and Bentler, 1999).
Once the measurement model had been conﬁrmed, we tested a
structural model to estimate the direct and indirect pathways of
interest. As techniques to assess mediation progress, methodolo-
gists have emphasised the importance of considering the potential
impact of mediator–outcome confounders within mediation
models (e.g., Imai et al., 2010). Thus, we adopted the mediation
approach recommended by Muthén (2011), which allows for the
assessment of mediation effects within the context of potential
mediator–outcome confounders. Using the “Model Constraint”
command, new parameters and standard errors representing
causally-deﬁned direct and indirect effects (Robins and Greenland,
1992; Valeri and VanderWeele, 2013) were calculated from model
estimated parameters. For a detailed description and Mplus input
syntax see Muthén (2011). First we estimated an unadjusted
mediation model that included only the exposure (early socio-
economic adversity), mediator (locus of control at 16 years) and
outcome (diagnosed depression at 18 years). Next we estimated
the model adjusted for the child's sex. The ﬁnal model was
adjusted for the child's sex and potential maternal and paternal
confounders. We calculated bootstrapped standard errors and
conﬁdence intervals from 1000 bootstrap samples (MacKinnon
et al., 2004) to account for non-normality associated with a binary
outcome.
2.4. Missing data
Complete-case analyses can be biased if data are not missing
completely at random. In order to examine the impact of response
attrition on our conclusions, we examined characteristics of the
complete-case sample compared with the rest of the ALSPAC
cohort. We used STATA 12.0 to impute 50 datasets, each entailing
20 cycles of regression switching, using multiple imputation by
chained equations (Royston, 2009). This is a recommended pro-
cedure for missing data (Sterne et al., 2009) which assumes data
are missing at random (MAR) conditional on the variables in the
imputation model. Our imputation model included a number of
auxiliary socio-demographic and mental health variables pre-
dictive of incomplete variables and/or missingness, including locus
of control score at 8 years and depressive symptoms scores fromages 10 through 19 years. In order to ensure plausibility of the
MAR assumption, cases were included in the imputation sample
only if data were available for depressive symptoms and each
socioeconomic adversity indicator on at least one measurement
occasion. Therefore we imputed data for a sample of 6851 parti-
cipants. Predictive mean matching was employed for non-normal
variables (White et al., 2011). The imputed data was imported into
Mplus and mediation analyses were repeated over the 50 imputed
datasets combining the estimates according to Rubin's rules
(Royston et al., 2009).3. Results
3.1. Descriptive characteristics
The starting sample was 8803 participants for whom data were
available on each socioeconomic adversity indicator at one or
more time points. Of these, 3528 participants (40.1%) completed
the CIS-R diagnostic interview at 18 years, and 4074 participants
(46.3%) completed the locus of control measure at 16 years.
Complete data for the exposure (socioeconomic adversity), out-
come (diagnosed depression) and mediator (locus of control) were
available for 2663 participants. For 1892 of these participants,
complete data were also available for all potential confounders.
Given the considerable response attrition, sensitivity analyses on
multiply imputed data examined the impact of attrition on our
conclusions. Descriptive characteristics for the complete case
sample compared to partial responders are provided in Table 1.
Participants with complete data came from more socially advan-
taged families with fewer depressive symptoms.
3.2. Measurement model
The measurement model incorporating early adversity, locus of
control and potential confounders is shown in Fig. 1. Fit statistics
indicated that the measurement model ﬁt the data well
(RMSEA¼0.04, 95% CI: 0.03–0.04; TFI¼0.97; CFI¼0.97). This
supported the adequacy of the model for subsequent tests of
structural paths and mediation.
3.3. Association among early socioeconomic adversity, locus of con-
trol and depression
Prior to examining the hypothesised mediation pathway, we
examined the univariable associations among socioeconomic
adversity, LoC and depression. There was evidence that greater
early socioeconomic adversity was associated with an increased
risk of depression at 18 years (β¼0.191; 95% BC CI: 0.055–0.340,
p¼0.007). There was also evidence that more external locus of
control at 16 years was associated with increased risk of diagnosed
depression at 18 years (β¼0.105; 95% BC CI: 0.069–0.136,
po0.001). In order to assist interpretation of the size of these
probit estimates, Table 2 shows the predicted probability of
depression diagnosis at different levels (71 and 2 standard
deviations) of early socioeconomic adversity and locus of control.
Experiences of socioeconomic adversity were associated with LoC
orientation (β¼0.752; 95% BC CI: 0.583–0.973, po0.001).
3.4. Mediation model
A series of models were estimated to assess the hypothesised
mediation pathway. Table 3 shows parameter estimates, boot-
strapped standard errors and bias-corrected (BC) conﬁdence
intervals for the unadjusted and adjusted models. Within the
unadjusted model, there was strong evidence of an indirect
Table 1
Individual and family characteristics for the complete sample and partial
responders.
Initial ALSPAC sample (n¼13,617)
Complete case
(n¼2663)
Partial data
(n¼10,954)
Statistical testa
Categorical
measures
(%) (%) χ2
Female 58.2 46.0 χ2(1)¼128.0nn
Maternal education
Degree 22.9 10.0 χ2(3)¼610.4**
Advanced high
school
29.3 20.6
Standard high
school
33.2 35.0
No high school 14.7 34.4
Parental social class
I Professional 20.8 11.0 χ2(4)¼322.7nn
II Managerial/
technical
46.6 40.2
III Skilled non-
manual
21.9 26.7
IV Skilled manual 7.6 15.2
IV & V Partly or
unskilled
3.0 6.8
Low family income
Child age 3 years 11.2 22.5 χ2(1)¼144.4nn
Child age 4 years 14.8 28.9 χ2(1)¼186.6nn
Does not own home
Child age
8 months
10.3 26.9 χ2(1)¼307.5nn
Child age 2 years 10.7 25.4 χ2(1)¼243.6nn
Child age 3 years 10.6 24.1 χ2(1)¼207.6nn
Child age 5 years 9.8 22.7 χ2(1)¼193.9**
Major ﬁnancial problems
Child age
8 months
11.9 15.7 χ2(1)¼22.2nn
Child age 2 years 12.2 15.8 χ2(1)¼20.2nn
Child age 3 years 12.9 16.5 χ2(1)¼18.2nn
Child age 4 years 10.3 13.4 χ2(1)¼16.3nn
Material hardship
Child age
8 months
22.6 31.2 χ2(1)¼71.5nn
Child age 2 years 20.2 29.7 χ2(1)¼86.8nn
Child age 3 years 19.7 27.4 χ2(1)¼59.9nn
Child age 4 years 15.0 20.9 χ2(1)¼40.9nn
Offspring depres-
sion diagnosis
7.1 9.1 χ2(1)¼5.5nn
18 years
Continuous
measures
Mean SD Mean SD Mean diff 95% CI
Offspring locus of
control
3.0 (2.0) 3.4 (2.2) 0.42 0.30–
0.54
16 years
Maternal cognitive
style
4.9 (3.4) 5.0 (3.7) 0.13 0.3 to
0.28
Maternal
depression
4.9 (4.4) 5.6 (4.8) 0.67 0.46–
0.87
Paternal
depression
3.2 (3.5) 3.4 (3.8) 0.22 0.02–
0.41
Note: ALSPAC Avon Longitudinal Study of Parents and Children.
a Differences in sample characteristics according to response attritions were
tested using chi-square tests for categorical variables and t tests for continuous
variables.
nn
po0.001.
Table 2
Estimated prevalence of CIS-R depression diagnosis at varying levels of early social
adversity and locus of control.
Estimated prevalence (%) of depression
Predictor variable 2 SDs 1 SDs Mean þ1 SDs þ2 SDs
Socioeconomic adversity 4.1 5.3 6.9 8.9 11.2
(Latent factor)
Locus of control 1.3 2.1 3.5 5.4 8.1
(Total score)
Note: This table shows estimated prevalence of diagnosed depression at 1 and
2 standard deviations above and below the mean for each predictor variable.
Estimates are derived from univariable model with no other confounders included.
CIS-R Clinical Interview Schedule-Revised.
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years via locus of control (β¼0.123; 95% BC CI: 0.073–0.185,
po0.001). There was weak evidence of a direct pathway from
early social adversity to diagnosed depression once the indirect
effect via locus of control was accounted for (β¼0.216; 95% BC CI:
0.008 to 0.484, p¼0.088).Adjustment for child's sex (adjusted model 1) and maternal and
paternal characteristics (adjusted model 2) made little difference
to the parameter estimates. Within the fully adjusted model, there
remained strong evidence of an indirect path from early social
adversity through locus of control to diagnosed depression at 18
years (β¼0.128; 95% BC CI: 0.073–0.195, po0.001). This indirect
path via locus of control accounted for 34% of the total estimated
association between early socioeconomic adversity and diagnosed
depression. Path estimates for the fully adjusted mediation model
are illustrated in Fig. 2. There was strong evidence that child's sex
was also associated with diagnosed depression (β¼0.815; 95% BC
CI: 0.516–1.156, po0.001), as well as locus of control at 16 years
(β¼0.410; 95% BC CI: 0.255–0.549, po0.001). The direction of
these associations indicates that females were more likely to be
diagnosed with depression and report more external locus of
control. There was also some evidence to suggest that offspring of
fathers with higher depression reported more external locus of
control at 16 years (β¼0.033; 95% BC CI: 0.004–0.061, p¼0.021).3.5. Missing data: sensitivity analyses
In order to examine the impact of response attrition on our
ﬁndings, mediation analyses were repeated using 50 imputed
datasets for a sample of 6851 participants. Results from these
analyses are presented in Table 4. The resulting fraction of missing
information (FMI) estimates (Schafer, 1997) indicated that 50
imputed datasets were sufﬁcient. The results from analyses with
imputed data supported our ﬁndings: the direct and indirect effect
estimates were in the same direction and led to the same over-
arching conclusions. However, the sizes of the observed direct and
indirect effects were greater in the imputed data. Although it is not
possible to entirely account for the impact of response attrition,
the pattern of missing data and analyses suggest that attrition lead
to an underestimation of the direct and indirect effects size in the
complete case analysis. This was most apparent for the remaining
direct effect from early socioeconomic adversity to diagnosed
depression. Within the fully adjusted analysis using imputed data,
the indirect path from early socioeconomic adversity to diagnosed
depression through locus of control was estimated as β¼0.192
(po0.001), while the remaining direct pathway from early
socioeconomic adversity to depression was estimated as β¼0.522
(p¼0.002). Based on analyses using imputed data, we would
estimate a slightly lower proportion (27%) of the total association
between early socioeconomic adversity and depression is
accounted for by the indirect path through locus of control.
Table 3
Estimates using complete case data (n¼2663)a of the direct and indirect effects of early socioeconomic adversity on depression diagnosis at 18 years mediated through locus
of control at 16 years.
Model estimates
β SE p BC 95% CIb
Unadjusted model
1. Total effect 0.339 0.124 0.006 0.098–0.598
Early adversity on depression diagnosis at 18
2. Indirect effect 0.123 0.027 o0.001 0.073–0.185
Early adversity on depression diagnosis at 18, through locus of control at 16
3. Remaining direct effect 0.216 0.127 0.088 0.008 to 0.484
Early adversity on depression diagnosis at 18, adjusted for locus of control
Adjusted 1 (gender)
1. Total effect 0.386 0.152 0.011 0.096–0.692
Early adversity on depression diagnosis at 18
2. Indirect effect 0.135 0.032 o0.001 0.074–0.204
Early adversity on depression diagnosis at 18, through locus of control at 16
3. Remaining direct effect 0.251 0.155 0.104 0.023 to 0.577
Early adversity on depression diagnosis at 18, adjusted for locus of control
Adjusted 2 (gender, maternal & paternal factors)
1. Total effect 0.377 0.156 0.016 0.074–0.675
Early adversity on depression diagnosis at 18
2. Indirect effect 0.128 0.030 o0.001 0.073–0.195
Early adversity on depression diagnosis at 18, through locus of control at 16
3. Remaining direct effect 0.249 0.158 0.114 0.032 to 0.574
Early adversity on depression diagnosis at 18, adjusted for locus of control
a Analyses restricted to participants with complete mediator (locus of control) and outcome (depression diagnosis) data.
b BC 95% CI: bias corrected (1000 bootstrap samples).
Fig. 2. Structural mediation model estimating the direct and indirect pathways from early social adversity to diagnosed depression at 18 years, adjusted for potential
confounders (n¼2663). Note: Path coefﬁcients on the edges are unstandardised regression estimates. Pathways delineated as dash lines are statistically non-signiﬁcant
(p40.05).
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4.1. Main ﬁndings
We examined whether exposure to early socioeconomic
adversity is associated with LoC in adolescence and a diagnosis of
depression at 18 years. We further investigated whether LoC
mediates the association between socioeconomic adversity and
depression in young adulthood. We found evidence that exposure
to early socioeconomic adversity is associated with more external
LoC orientation at 16 years, which, in turn, is associated withdepression at 18 years. This ﬁnding is consistent with previous
research linking external LoC to depression (Harrow et al., 2009;
Twenge et al., 2004) and highlights important contributions of
perceived sense of control in development of depression.
Approximately 34% (27% in analyses with imputed data) of the
total estimated association between socioeconomic adversity and
diagnosed depression was accounted for by the indirect path
through external LoC in the model adjusted for child's gender and
various parental characteristics. This ﬁnding is consistent with
studies supporting the mediating role of LoC in the association
between exposure to early adversity and depression in young
Table 4
Estimates using imputed data (n¼6851) of the direct and indirect effects of early
socioeconomic adversity on depression diagnosis at 18 years mediated through
locus of control at 16 years.
Model estimates
β SE p FMIa
Unadjusted model
1. Total effect 0.584 0.120 o0.001 0.330
Early adversity on depression diagnosis at 18
2. Indirect effect 0.152 0.032 o0.001 0.389
Early adversity on depression diagnosis at
18, through locus of control at 16
3. Remaining direct effect 0.433 0.124 o0.001 0.337
Early adversity on depression diagnosis at
18, adjusted for locus of control
Adjusted 1 (gender)
1. Total effect 0.581 0.121 o0.001 0.328
Early adversity on depression diagnosis at 18
2. Indirect effect 0.149 0.032 o0.001 0.390
Early adversity on depression diagnosis at
18, through locus of control at 16
3. Remaining direct effect 0.432 0.125 0.001 0.336
Early adversity on depression diagnosis at
18, adjusted for locus of control
Adjusted 2 (gender, maternal & paternal factors)
1. Total effect 0.714 0.166 o0.001 0.429
Early adversity on depression diagnosis at 18
2. Indirect effect 0.192 0.042 o0.001 0.389
Early adversity on depression diagnosis at
18, through locus of control at 16
3. Remaining direct effect 0.522 0.172 0.002 0.342
Early adversity on depression diagnosis at
18, adjusted for locus of control
a FMI: Fraction of Missing Information.
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Sandler, 1992). Although attenuated, there was evidence of a direct
pathway from early socioeconomic adversity to depression once
the indirect effect via locus of control was accounted for, sug-
gesting an independent effect of early adversity on development of
depression.4.2. Strength and limitations
The current study has several strengths, including a long-
itudinal design, a large community-based sample, a measure of
clinical diagnosis of depression as an outcome, and adjustment for
a range of confounders. To our knowledge, no previous prospective
longitudinal study has examined LoC orientation as a mechanism
of the association between early socioeconomic adversity and
depression in young adulthood. Modelling early socioeconomic
adversity as a latent variable enabled us to capture exposure to
various indices of socioeconomic adversity from birth to 5 years. A
limitation of the study relates to sample attrition, which is
strongly associated with socioeconomic disadvantage in the
ALSPAC and this has important implications for the internal
validity of the study. In particular, participants from lower socio-
economic background and those with mental health problems
were underrepresented in our sample. However, the attrition rates
in this cohort are similar to those observed in other large-scale
longitudinal studies (Callaway et al., 2007). The pattern of missing
data and results of the sensitivity analyses suggest that attrition
lead to an underestimation of the direct and indirect effect sizes in
the complete case analysis. Repeating the analyses with the
imputed sample adjusted for the bias introduced by missing dataand improved efﬁciency compared to complete case analysis
(Klebanoff and Cole, 2008; Spratt et al., 2010).
4.3. Alternative mechanisms
A proportion of the association between early socioeconomic
adversity and depression was not explained by external LoC
orientation. This ﬁnding is in line with previous studies examining
LoC as a pathway between childhood adversity and mental health
problems (Fisher et al., 2013). This could indicate direct traumatic
effect of exposure to childhood adversity on subsequent devel-
opment of depression in young adulthood via biological systems
such as the hypothalamic pituitary axis (HPA; Penza et al., 2003).
Indeed, accumulating evidence suggests that childhood adversity
is associated with HPA dysregulation and heightened stress reac-
tivity in adolescents and adults (Heim et al., 2000; McLaughlin
et al., 2009), which, in turn, may lead to maladaptive emotional
and social functioning. Similarly, there is evidence to suggest that
individuals with external LoC tend to display heightened neu-
roendocrine and autonomic stress responsiveness (Declerck et al.,
2006; Steptoe and Willemsen, 2004), whereas individuals with
internal LoC show lower cortisol responses to stress (Pruessner
et al., 1997). Although there is no longitudinal research to support
this assumption, it could be that dysregulation of HPA axis is a
common neurobiological mechanism linking early life adversity,
development of maladaptive control-related beliefs and
depression.
The unexplained proportion of the association between socio-
economic adversity and depression via external LoC could also be
due to other mediating factors or residual confounding not
accounted for in the present analyses. It has been suggested that
the link between early life adversity and negative mental health
outcomes in adulthood, including depression, could be explained
by low self-esteem, interpersonal difﬁculties, and maladaptive
coping strategies (Whiffen and MacIntosh, 2005). In addition,
experiences of poverty and material hardship in childhood often
co-occur with emotional and physical neglect, abuse and victimi-
sation, which are, in turn, strong predictors of adolescent and
adulthood depression (Turner et al., 2006). Our assessment of
early life adversity did not include questions on more severe forms
such as abuse and other trauma, thus, possible mediating effect of
these factors could not be examined in this study. In addition,
individual sense of control is believed to be a complex, multi-
dimensional construct better conceptualised as a combination of
LoC, self-efﬁcacy, learned helplessness, and an individual's desire
of control (Shapiro et al., 1993). Examination of this multi-
dimensional concept of control beliefs was beyond the scope of
our study.
Mechanisms that could explain the link between experiences of
early socioeconomic adversity and external LoC also warrant fur-
ther examination. It has been suggested that early experiences of
poverty may foster external LoC orientation in children through
exposure to parental depression and negative parenting (Chorpita,
2001; Gilman et al., 2003). Indeed, there is some longitudinal
evidence to support a link between negative parenting practises
and external LoC orientation (Muris et al., 2004), whilst parental
warmth has been linked to a more internal LoC (Carton and
Nowicki, 1994). Additional studies which test complex mediational
models are warranted to provide further insights into multiple
pathways among early socioeconomic adversity, LoC and
depression.
Although the study controlled for a range of prospectively
measured parental and child characteristics, we did not examine
possible genetic confounders that may explain observed associa-
tions. Genetic inﬂuences explain approximately 40–50% of the
variance in depression (Levinson, 2006), however, there is little
I. Culpin et al. / Journal of Affective Disorders 183 (2015) 269–278276evidence on the heritability of LoC. The few studies that examined
genetic inﬂuences on individual differences in LoC estimate these
to be between 10% and 55% (Johansson et al., 2001). It is, therefore,
possible that the association between external LoC and depression
may be partly explained by common genes that contribute to both.
Results from future genetically informative designs may provide
further insights towards understanding of the mechanisms
underlying this association.
4.4. Other associations of interest
Other associations of interest emerged in the context of the
present study. Consistent with numerous epidemiological studies
girls in our sample were more likely to meet criteria for a
depression diagnosis (Parker and Brotchie, 2010) and reported
more external LoC (Feingold, 1994) than boys. Gender differences
in depression are well-documented with differences in cognitive
functioning and more frequent exposure to adverse experiences in
childhood often cited as contributing factors (Piccinelli and Wilk-
inson, 2000). There is also some longitudinal evidence to suggest
that girls move toward more external LoC disposition during
middle adolescence, whilst boys become more internal (Kulas,
1996; Ross and Mirowsky, 2002). However, these ﬁndings are
inconsistent and require further longitudinal research for adequate
replication. Interestingly, the ﬁndings of this study suggest more
external LoC orientation in offspring of depressed fathers.
Research on parental depression supports the importance of
studying fathers in relation to child outcomes (Ramchandani and
Psychogiou, 2009). Paternal depression is associated with more
parent–child conﬂict (Kane and Garber, 2004) and harsh dis-
ciplining (Schacht et al., 2009), which, in turn, has been linked to
more external LoC in children and adolescents (Lynch et al., 2002).
Although mother–child conﬂict may be more frequent than
father–child conﬂict, it has been suggested that the latter may be
more harmful to children's behavioural and emotional develop-
ment (Forehand et al., 1987). Thus, the strong inﬂuence of paternal
depression and associated coercive parenting could explain this
ﬁnding.
4.5. Clinical implications
The ﬁndings of the present study have important implications
for depression prevention programs. Although LoC is thought to be
a relatively enduring individual characteristic (Kulas, 1996), it has
been suggested that it is amenable to psychological interventions,
particularly in childhood and adolescence (deCharms, 1976; Trice,
1990). Evidence indicates that programs focusing on restructuring
cognitive coping strategies and control-related beliefs result in
shifts in LoC from less external to more internal orientation (Fig-
urelli and Hartman, 1994). Internal LoC, in turn, is associated with
better adherence to treatment (Steel et al., 2000) and favourable
therapy outcomes (Delsignore and Schnyder, 2007; Weisz, 1986).
Our ﬁndings suggest that depression prevention programs should
include a component that addresses cognitive beliefs about control
because shifting external LoC orientation to internal could help to
reduce the risk of developing depression.Role of funding source
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